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Summary. In order to study the role of occupational ex¬ 
posure in the etiology of asthma, 78 asthmatics and 56 
nonasthmatics from the Finnish twin cohort were investi¬ 
gated by means of a postal questionnaire. Among those 
studied! were 31 identical twin pairs discordant with re¬ 
gard to asthma (i.e.. only one member of the pair had 
asthma). The questionnaire inquired into the diagnosis 
and status of the asthma, smoking habits, atopic back¬ 
ground, smoking history of the parents, and history as 
regards pets, andi requested a detailed description of 
occupational exposure to airway allergens and irritants. 
Classification into asthmatics and nonasthmatics was 
based on the information gathered with the question¬ 
naire, supplemented by other information whenever 
possible. Estimation of exposure was based on; the sub¬ 
ject's -ownireport, on the work descriptions, and on the 
general knowledge about the exposure levels associated 
with work tasks in question. Exposure to organic sol¬ 
vents was found only in the asthmatic members of the 
discordant pairs, and none of the nonasthmatic persons 
had been exposed to solvents. There were no statistically 
significant differences as regards exposure to other um 
specific irritants. Combined exposure to organic aller¬ 
gens and airway irritants was more common in the asthr 
rnatics than in the nonasthmatics (P = 0.009). Exposure 
to irritants was also more common among the asthmatics 
than the nonasthmatics with similar exposure to organic 
allergens (P = 0.004). 
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Introduction 

In a recent study on asthma in the nationwide Finnish 
twin cohort, the heritability of asthma was estimated to 
be only 35.6% . The majority of the pairs w ith asthmatic 
members were discordant with regard to asthma (i.e.. 
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only one member of the pair had asthma) [13]. This sug¬ 
gests that environmental factors play a major role in the 
etiology of asthma. Because the childhood environment 
of twins is similar, a possible explanation might.lie in the 
different occupational exposure. 

The underlying mechanism in occupational asthma; 
induced by organic allergens such; as flour and animaf 
epithelia is an immunologic, mainly IgE-mediated reac¬ 
tion. In chemically induced occupational! asthma, other 
unknown mechanisms are apparently involved; as well. 
Chemicals identified as responsible for occupational 
asthma include stainless steel welding fumes [|9].. alu¬ 
minum salts [18]. organic acid anhydrides [12. 14]. and 
diisocyanates [10]. 

The occupational environment may contain, a multi¬ 
tude of chemicals, such as organic solvents, irritant; 
gases, detergents, and welding fumes, which frequently 
give rise to respiratory complaints and are considered to 
irritate the airways unspecifically. It is not known 
whether long-term exposure to such substance> plays a 
role in the etiology of clinical asthma. Hypothetically, 
occupational exposure to dusts and unspecific airway 
irritants might trigger asthma nonimmunologicallV or 
facilitate the penetration of allergens or hapten-forming 
chemicals bv affectins the bronchial defense mechanisms 
[21i]. 

The objectives of this study were to assess (!) 
whether the identical twins discordant with respect to 
asthma differed with respect 1 to occupational exposure to 
airway allergens or irritants, (2) whether occupational 
exposure to unspecific airway irritants was more com¬ 
mon among the asthmatics than among the nonasthma¬ 
tics in the entire sample, and (3) whether combined ex¬ 
posure to both allergens and irritants was associated with 
asthma. 


Subjects and methods 

Subjects. The Finnish twin cohort is a populatton-Hasec sample of 
hkC'Sexed adult twin pairs with 15SS8'twini pairs o: which 430' 
pairs are identical. The zygosity has beenidetermmed-by a Ingniv 
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Table 1. Subjects of the study 



No. 

Age ( 

Mean 

years i 

(SDv 

Gender 

Female 

MLilc 

Pairs with both members participating 

48 





Concordant with respect to asthma 

17 

51 

(131 

IT 

rv 

Discordant 

31 

51 

(Ml 

15 

1 h. 

Pairs with only one member participating 

38: 





Asthmatics 

13 

50 

(15): 

10 


Non asthmatics 

25 

44 

(13) 

11 

14 

All subjects 

134 





Asthmatics 

78 

51 

(12) 

48 

3n: 

Nonasthmatics 

56 

48 

(12) 

2o 

50 


Table 2. Criteria of atopy 


Criterion 

Asthmatics 
(n — 46): 

Non¬ 
asthmatics 
in * 17) 

Both positive skin tests and prurigo 

8 (17%) 

1 (6%) 

Positive skin tests 

30 (65%) 

6.(35%): 

Prurigo in childhood 

8 (17%) 

10 (59%) 


accurate questionnaire method validated by blood markers [17]. 
Questionnaires were sent'to all pairs in 1975 (response rate 89%)i 
and in 1981 (response rate 84%) [8]. 

The subjects of the present study comprised 106 pairs of identi¬ 
cal twins of whom (1) both had responded to the questionnaires in 
1975 or 1981 and 1 at least one Had reported having asthma diag¬ 
nosed by a physician or (2) at least one had asthma as a hospital 
diagnosis in 1972-85 acccordmg to the national hospital discharge 
register. Sufficient data were gathered from 166 persons; (78%): 

Those persons who had Had asthma before the age of 18 years 
were excluded from the study, whereafter the final material com¬ 
prised T34 persons: 48 pairs and 38 twins with only one member of 
the pair participating in the study (Table 1); 

Criteria of asthma. Classification into asthmatics and nonasthma¬ 
tics was based on the questionnaire. Fifty-two persons reported 
having asthma diagnosed by a physician. The claim of having 
asthma could be checked from the hospital records of 22 cases, and 
no discrepancy was found between the hospital records and the 
subject’s own .report in these cases. 

An additional 26 persons reported dyspnea triggered by gen¬ 
eral environmentaHirritants and/or allergens (such as grass pollen, 
animal epithelium, and cold). They were also classified as asthma 
cases. 

Criteria of atopy. Classificationi as an atopic was based on (1) re¬ 
ported positive skin tests against several environmental!allergens 
or (2) reported prurigo in childhood! Forty-six (59%) of the asth¬ 
matics and 17 (30%) of the nonasthmatics were classified as atopies 
(Table 2). Positive skin tests to environmental allergens were more 
often the classificatory criterion for the asthmatics than for the 
nonasthnratics. In addition. 42 of the atopies reported having 
rhinitis. 

Methods . Data were collected by means of a postal questionnaire 
inquiring into the diagnosis and status of the asthma, smoking 
habits, atopic background, smoking history of the parents, and 
history as regards pets, and requesting a detailed description of oc¬ 
cupational exposure to airway allergens and irritants. New ques¬ 
tionnaires were sent to the nonrespondents after 2 weeks. Supple¬ 
mental information was obtained bv telephone interviews, whem 


Table 3. Occupations classified as involving exposure to a dusty 
environment 


Agent' 

Occupation 

Dusts in general 

Farmer 

Construction worker 

Gardener 

Peat dust 

Foreman/tractor driver at 1 a peat quarry 

Asbestos 

Insulator 

Sand dust 

Driver of a road scraper 

Liquid wood impregnants 

Industrial carpenter 

Paper dust 

Librarian 

Bookbinder 

Bookkeeper 

Bank clerk 

Post office clerk 

Grease smoke 

Baker 

Leather diisc 

Leather worker 

House dust 

Hotel cleaner 

Dacron dust 

Inspector of Dacron textiles 

Plastic chemicaL 

Process worker in the plastic industry 

Stone dust 

Worker in a stone-crushing plant 

Tobacco smoke 

Waiter 

Bar assistant 


ever needed and possible (in 69 cases): The data on M) cases were 
based on the telephone interview only. 

The same physician asked questions about the asthma and ex¬ 
posure in the telephone interview. The information about asthma 
and exposure were, however, evaluated and coded by ditierent 
persons independently of each other. 

Three analyses were performed. First., a pairwise comparison 
was carried out in the pairs discordant with regard to asthma. Sec¬ 
ond. using a case-comrol design, occupational exposure was inves¬ 
tigated with the whole material pooled. Third' in order to assess 
the possible association between asthma and combined exposure 
to allergens and irritants, a case-control design was used in a sub¬ 
group of the 50 persons occupationally exposed!to maior organic 
allergens (flour, animal epithelia. and moldsli The asthmatics with 
such exposure (31) served as cases, and the nonasthmatics (19) as 
controls: exposure to irritants was compared between the cases 
and the controls. 

Estimation of exposure In the questionnaire, detaileddescripuons 
of exposure to all occupational exposure agents were asked. 3U. 
agents were specifically requested. The additonal dusts and agents 
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which w’ere spontaneously mentioned formed a group termed a 
“’dusty environment^* To avoid asymmetric reporting, the evalua¬ 
tion of exposure was not based on subjective reporting only: em¬ 
phasis was placed on the work description and general knowledge 
about exposure m similar work tasks. All the farmers, construction 
workers, and gardeners were considered to be exposed to a dusty 
environment. The other occupations which'were regarded as in¬ 
volving exposure to a dusty environment, independently of the 
subjects* ow n reports, are presented in Table 3: 

The combined exposure to allergens and irritants consisted of 
exposure to the major organic allergens (flour, animal epithelia. 
and!molds) and to airway irritants. The irritants present in these 
combinations were organic solvents, welding fumes, textile dust, 
formaldehyde, detergents, and irritant gases or dusts (asbestos and 
other insulation materials, construction and garden dusts, grease 
smoke, tobacco smoke, and paper, leather, peat, and stone dusts): 

Statistical methods. In the comparison of the discordant twins, the 
McNemar test was used. The chi-square test for fourfold tables 
was used in the pooled material and Fisher's exact test was used 
when the smallest expected frequency was <5. 


Table 4. Atopy in the tw’in pairs discordant with respect'to asthma 
(31 pairs) 



Asthmatic eorwin 



Atopic 

Nonatopic 

Nonasthmatic coxwm' 
Atopic 

8 (concordantly 

li (discordant 


atopic) 

for atopy ) 

Nonatopic 

11 (discordant 

IT (concordantly 


for atopy ) 

nonatopic): 


Results 

Discordant twin pairs 

Thirty-one out of 48 twin pairs were discordant'with re¬ 
spect to asthma. Twelve of them were also discordant 
with respect to atopy (Table 4). In 11 pairs the asthmatic 
twin also displayed atopy, whereas imone pair, aiopv 
was present in the nonasthmatic twin (McNemar test 
P = 0.004). 

Dissimilarity with respect to occupational exposure 
was found in 14 pairs: in nine pairs the asthmatic twin 
was exposed, in five the nonasthmatic (Table 5). As re¬ 
gards type of exposure agent, exposure to organic sol¬ 
vents was reported only by the asthmatic members of the 
pairs. Six pairs differed with regard to smoking habits: 
there were no pairs in which only the nonasthmatic twin 
had been a smoker. 

Occupational exposure among the asthmatics 
and the nonasthmatics in the pooled material 

Sixty asthmatics (77%) and 40 nonasthmatics (71%) had 
been occupationally exposed to at Ibast one agent. There 
was a difference between'asthmatics and nonasthmatics 
concerning exposure to organic solvents (Table 6), to 
which none of the nonasthmatics had been exposed. In 
all instances, the solvent exposure had preceded the 
onset of asthma. Combined exposure to allergens and 
irritants w-as statistically significantly more common 




Table 5. Occupational exposure and smok¬ 
ing in the twin pairs = 31) discordant 
with respect to asthma 



Number of pairs 

Discordantly exposed 

Asthmatic Nonasthmatic 

member of member of 
the pair only the pair only 

Concor¬ 

dantly 

exposed 

McNemar 

test. 

P value 

Smoking 

6 

0 

4: 

0.01U 

Present smoker 

4 

0 

1 

0.045 

Former smoker 

2 

0 

3 

>0.10 

Occupationally exposed 

9 

5 

18 

>0.10 

Organic solvents 

4 

0 

0 

0.045 

Welding 

4 

1 

0 

>0.10 

— of mild Meel 

4 

1 

0 

>0.10 

— of galvanized materials 

-» 

0 

0 

>0.10' 

- of aliiminum 

1 

0 

0 

>0.10 

- of painted materials 

*> 

1 

0 

>0.10' 

- of stainless steel 

0 

0 

0 

>0.10' 

Combination of organic 
allergens and irritants 

5 

*> 

li 

>0.10 

Pesticides 

4 

ll 

1 

>0.10' 

Soldering flux fume 

-> 

0 

0 

>0.10' 

Cutting fluids 

-> 

0 

0 

>0.10 

Irntant gases 


0 

-» 

>0.10 

Flour 

l 

4 

9 

>0.10 

Animal epithelium, 

0 

3 

10 

>0.10 

Molds 

3, 

4 

8 

>0.10 

Textile dust 

1 

3 

-> 

>0.10 

Dusty environment 

4 

5 

4 

>0.10 
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Table 6. Exposure of the asthmatics and nonasthmatics (in the 
pooled material)__ 


Exposure ace nt 

Asthmatics 
in = 78) 

No.. % 

Nonasthmatics 
( n = 56) 

No. %• 

Any exposure 

60 

77 

40: 

71 

Animal lepithellum 

TT 

28 

17 

30 

Flour 

28 

36 

17 

30 

Molds 

25 

32 

18 

32 

Combined exposure to 
allergensand irritants 

21 

27* 

5 

9* 

Textile dust 

11 

14 

5 

9 

Wood dust 

9 

11 

4 

7 

Organic solvents 

8 

10 

0 

0 

Detergents 

9 

11 

7 

12 

Welding fumes 

7 

9 

3 

5 

Mildisteeli 

6 

8 

3 

5 

Galvanized material 

4 

5 

1 

-i 

Aluminum 

3 

4 

0 

0 

Stainless steel 

3 

4 

1 

-> 

Painted materials 

4 

5 

c 

4 

Roots andivegetables 

4 

5 

4 

7 

Formaldehyde 

5 

6 

1 

-» 

Cyanacrylbtes 

2 

3 

2 

4 

Plastic degradation products 

-» 

3 


4 

Dyes 

2 

3 

-> 

4 

Soldering flux fumes 

2 

3 

0 

0i 

Cutting fluids 

2 

3 

*» 

4 

Pesticides 

6 

8. 

5 

9 

Irritating gases 

5 

6 

3 

5: 

Metal!dust (excluding chromium); 

3 

4 

3 

5 

Dusty environment 

43 

55' 

30' 

54! 


m Significant difference between asthmatics and nonasthmatics: 
P = 0.009 


among the asthmatics than the nonasthmatics. A similar, 
althoug not statistically significant, trend was found for 
exposure to flour, wood dust, textile dust, molds, and 
formaldehyde. 

Only one asthmatic had been exposed to spices, iso¬ 
cyanates. or hairdressers' chemicals, and no person had 
been exposed to milk powder, enzymes, raw coffee, raw 
cotton, raw flax, epoxy compounds, pharmaceuticals, or 
photochemicals. 

Smoking was less frequent among the asthmatics 
(ilS% )ithan among the nonasthmatics (37%) (P - 0.09). 
whereas the asthmatics were more often ex-smokers 
(17%) than the nonasthmatics (9%) (P = 0.20). Parental 
smoking was slightly more common among the asthma¬ 
tics (62%)i than; among the nonasthmatics (50%) (:P - 
0.18). but pets had slightly more often been present in 
the childhood of the nonasthmatics. 

Combinedexposure to allergens and irritants 
(the case-control study in the subgroup 
exposed to organic allergens) 

Twenty-one (68% ) of the asthmatics exposed to organic 
allergens had also been exposed to airway irritants. 


whereas only five (26%) of the nonasthmatics had a 
similar combined exposure (P - 0.004). 


The hypothesis of the study was that occupational expo¬ 
sure would explain the discordance with regard' to 
asthma in identical twins which had been discovered m 
an earlier study [ 13J. In the present study. h5% of the 
pairs were found to be discordant with regard to asthmai 
but no clear explanation for the discordance was found. 
Some of the results, however, suggest a role for both 
occupational exposure and smoking in the etiology of 
asthma. 

Exposure to organic solvents was. only found in the 
asthmatic members of the discordant pairs. In the 
pooled material, solvent exposure was also reported 
only by the asthmatics. There were no differences as 
regards exposure to other unspecific irritants, either in 
the pairwise analysis or in the pooled material. Combined 
exposure to allergens and irritants was clearly associated 
with asthma in the pooled material. Exposure toarritants 
was also more common in asthmatics thanininonusthma- 
tics with similar exposure to organic allergens. 

The proportion of discordance was clearly smaller 
(65%) in the present study than in the previous study on 
asthma in the same Finnish twin cohort(15(. where 93% 
of the 148 identical pairs with asthma were discordant 
with regard to asthma. The discrepancy between the two 
studies is understandable, because the collection oticases. 
and the criteria for asthma were different In. the earlier 
studv, the cases w ere derived from! the national hospital: 
discharge register and the nationwide ncgMrv ot the 
Social Insurance Institution for fully reimbursed medica¬ 
tion. This means that the study was not: dependent on 
the response of the subjects. It also means liv.iii sublet 
with milder disease were excluded: irom that study. 
Moreover, persons with childhood asthma u it*' were ex¬ 
cluded from the present study, were included m the ear¬ 
lier study. 

The precision of diagnosis is always problematic in 
questionnaire studies. The question presented! was 
•'Have you been diagnosed as having asthma * In aJJif 
tion. the place of! diagnosis and details ::u disease 
were requested. In a Swedish study j * ihc o^sMMency 
between questionnaire results and clinical oi.ieiu'Mv ot 
asthma was fairly good: in only 2 of 3 U cases -h.t fie diag¬ 
noses fail to correspond. We were able to stu.N ne hos¬ 
pital records in 22 cases without finding ar.v .!:*■* repuncy 
between the hospital diagnosis and the sutnn.: s import; 
Thus, we believe that the reliability ot t!u answers is 
quite goodL 

It w as more difficult to classify the 2o * w ho re¬ 

ported that they had not been diagnose*;: .s having 
asthma, but who cited: symptoms uhu*i 'ooiti'y 
asthma and which were triggered b\ geiu * t ; •.miron? 
mental allergens, irritants, or cold. Some -^em even 
used asthma medication occasionally I practical 
reasons, it was not possible to clinical!* w-av me dug 4 
noses, and the persons were classified'as asv—.atnc^ \i 


Discussion 
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the history given in the questionnaire suggested such a 
diagnosis. According to the nationwide registry for fully 
reimbursed medication [13]. two of these persons were 
later provided with asthma medication free of charge, 
which means that their asthma had later been diagnosed 
by physician and needed continuous medication. 

Ihi a case-control study, the reporting of exposure to 
unspecific irritants and a dusty environment is suscep* 
tible to a systematic error. Asthmatics, more often than 
healthy people, suffer from irritants and thus more readr 
ily report therm Therefore, stricter criteria were used in 
the evaluation of exposure. This probably diminished 
the effect' of asymmetric reporting, a suggestion sup¬ 
ported by the fact that the asthmatics.no more frequently 
reported any exposure or exposure to a dusty environ¬ 
ment than did the nonasthmatics. The stricter evaluation 
ofexposure. however, probably misses some relevant in¬ 
formation and thereby diminishes the sensitivity of the 
study. 

Analyses 2 and 3 included data from individual mem¬ 
bers of twin pairs. i.e., the other member failed to re¬ 
spond. This could have caused systematic positive bias if 
the asthmatics had responded more often and reported 
exposure more actively than the nonasthmatics. Most of 
the respondents (66%); were nonasthmatics, however. 
The inclusion of the 13 '‘pairless*' asthmatic members 
could cause a positive bias if their nonrespondent pairs 
were nonasthmatic and were occupationally exposed. Of 
these 13 asthmatics, one was exposed to solvents and 
three had combined exposure to organic allergens and 
irritants. If these 13 persons had been excluded from the 
analyses, the statistical significance would have dimin¬ 
ished but not disappeared (P = 0.Q2 in analysis 2 and 
0.01 in the analysis 3). Thus, the bias, if there is any. is 
unlikely to explain the results totally. 

The advantage of studying identical twins, with,iden¬ 
tical genetic sets and similhrity of childhood background 
and living habits, may be evened out by the fact'that, as 
itturnedout, identical twins tend to choose similar occu¬ 
pations and thus to have similar working conditions. A 
tendency for asthmatics and atopies to work in "cleaner" 
occupations may also diminish the power of a study such' 
as ours. 

Our results are partly in concordance with those of 
earlier studies. Some chemicals are known to be capable 
of inducing bronchial! hyperresponsiveness. Such chemi¬ 
cals include ozone [6]. tolliene diisoevanate [3]. colbphony. 
[2] sulfur dioxide [7], and tobacco smoke [5 ]l Our clinical 
experience suggests that organic solvents might trigger 
the onset of asthma but so far we have found no epi¬ 
demiologic or experimental studies on the role of! sol¬ 
vents in bronchial! hyperresponsiveness. On the other 
hand, the association between combined exposure to 
allergens and irritants and asthma is in agreement with 
some recent studies which imply that exposure to irri¬ 
tants may injure the bronchial mucosa, facilitating the 
penetration of allergens, or by some other mechanisms 
increase the sensitization to allergens [|1. 11. 15. 16. 19]! 

In the discordant pairs, only asthmatic twins were or 
had been smokers. Smoking was inversely related to 
asthma in'the pooled material but the ex-smokers were 


more common among the asthmatics. It is possible that 
asthma had led to giving up smoking, although this was 
not specifically investigated in the study. The role of 
smoking in allergy has been suggested by some epi¬ 
demiologic and experimental studies [21]. Our results 
are consistent with the earlier study on the Finnish twin 
cohort' [PO], were smoking was not' found to be a strong 
risk factor for asthma although the prevalence of asthma 
was slightly higher among male smokers. 

Eleven of the pairs discordant with regard to asthma 
were discordant with respect to atopy as well. Thus 
atopic asthma may account for part of the discordance 
with respect to asthma, although the study did not offer 
any explanation for the 11 pairs being 1 discordant with 
respect to atopy despite their identical genetical back¬ 
ground' and similar childhood conditions. The results 
musti be evaluated with caution, however, because the 
determination of atopic cases was mainly based on skin 
tests, and it is obvious that asthmatic persons are skin 
tested more oftem 

The studied population was small and the number of 
persons exposed to individual agents was likewise small. 
Because there were also other factors diminishing the 
power of the study, conspicuous differences were hardly 
expected! Therefore, our results can be considered to 
support our hypothesis that long-term!exposure tO' irritt- 
ant' substances (irritating substances in general and! or¬ 
ganic solvents in particular) may influence the develop¬ 
ment'of clinical asthma of both allergic and nonallergic 
nature. 
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